INTRODUCTION
Oat (Avena sativa L.) is used extensively as feed for livestock because of its high-quality as well as its highforage yield. In Korea, oat is grown primarily for fresh forage and silage, but occasionally also for hay or pasture. In 2003, approximately 300 tons of forage oat seeds were imported to Korea. Oat is cultivated in spring and autumn in a double-cropping system (Han, 1995; Kim et al., 1996;  1999; Lee and Kim, 1999) .
Oat varieties can be categorized by the growth habit of the vegetative plants. Oat varieties with tillers that remain relatively flat or close to the ground during early growth are referred to as having a prostrate growth habit. These varieties tend to require more time and temperature to grow before harvest. Oat varieties with more upright tillers during their early growth are referred to as having an erect growth habit. As a group, these varieties have fast initial growth and wider but fewer tillers (Kipps, 1970; Poehlman, 1987; autumn, but only during spring, which makes late-maturing varieties more suitable for spring. In Korea, early-maturing variety of oat produce heading in both spring and autumn season (Kim et al., 1996; Lee and Kim, 1999) .
Oat continues to be an important forage because of their high yield potential and very good feed quality. Under favorable conditions oat can provide quality forage from late autumn to mid spring (Kim et al., 1996; Stuart et al., 2002) .
The forage production and forage quality of oats are determined by numerous interacting factors, namely, environment, management practices, and genetics (Brundage et al., 1979; Jung and Allen, 1995; Elizalde et al., 1999; Firdous and Gilani 2001; Yu et al., 2004) . Environmental factors such as temperature, precipitation, location, etc. strongly influence forage production and quality 2005) .
The performance of individual oat variety varies from region to region. This needs to be kept in mind if a variety is being chosen based on performance data from another region. When growing a new variety for the first time, it is advisable to only grow in a small area and check its local suitability (Yang et al., 1987; Kim et al., 1993; 1996; 1997; Stuart et al., 2002) .
Commercial oat varieties have been selected primarily on the basis of forage yield and agronomic characteristics (Kim et al., 1993; 1996; 1997; Yang et al., 1987) . However, the selection of forage oats has ignored potential variety differences in quality, and previous studies have identified variation in quality of oats . In Korea, forage quality has been tested mostly in the central region only.
Increased nutritional demand for optimal animal performance has challenged oat producers to select superior oat variety, and to combine good management practices to produce crop with high forage yield and favorable quality characteristics.
The objective of this experiment is to evaluate forage production and forage quality of different oat varieties in response to different locations and season.
MATERIALS AND METHODS
The experiment was conducted for 2 years (2002 and 2003) at two locations, Cheonan in the central region and Daegu in the southern region of South Korea. The soil in Cheonan is silt loam, while the soil in Daegu is sandy loam.
The experimental design was a randomized complete block in a split-split arrangement with three replications. Main plots consisted of two locations (the central region and the southern region), subplots consisted of two seasons (spring and autumn), and sub-subplots consisted of four varieties; 'Swan', 'Targa', 'Foothill', and 'Nugene'.
Seeds were hand-planted in each experimental plot (6 m 2 = 1.5×4 m). Fertilizer was applied at 150, 100 and 100 kg ha -1 of N, P and K, respectively (Table 1) (Table 1) .
A sub-sample (800 to 1,000 g) was randomly selected from each harvested plot to estimate DM content and provide samples for forage quality analysis. The samples were weighed and dried for 72 h by forced-air drying oven at 65°C. The dried samples were reassembled and ground through a Wiley mill using a 1 mm screen.
Crude protein (CP) was determined by the Kjeldahl method (AOAC, 1990) , acid detergent fiber (ADF) and neutral detergent fiber (NDF) were measured by the method of Goering and Van Soest (1970) .
Values of total digestible nutrients (TDN) and relative feed value (RFV) were calculated from the following equation from Holland et al. (1990) from forage sample; TDN = 88.9-(0.79×ADF), and RFV = ((88.9-(ADF×0.779)× (120/NDF))/1.29. Data were analyzed with analysis of variance (ANOVA) procedures using the SAS statistical software package (1999). The mean separation among treatment means for location, season and variety was obtained by using the Least Significant Difference (LSD) test (Steel and Torrie, 1980) . Effects were considered in all statistical calculations for p-values <0.05.
RESULTS AND DISCUSSION
Mean temperature and precipitation during the growing season are presented in Table 2 . The average temperature of the southern region (Daegu) was 1-3.9°C higher than the central region (Cheonan). However, the precipitation of the southern region was 26-238 mm less than the central region The heading stage of four oat varieties was observed during the spring season, but the autumn season did not produce heading until harvest time except for the 'Swan' variety (Tables 3 and 4 ). The heading stage of 'Swan' in both locations was earlier compared to others. The heading stage of 'Swan' was observed during the middle of May, and that of the other varieties was observed towards the end of May.
This conclusion is consistent with the findings of Kim et al. (1996; 1997; , who studied heading stages of different oat varieties. Late-maturing varieties do not produce any heading in autumn, but only during spring. Therefore, late-maturing varieties are more suitable for spring. Normally, early-maturing varieties of oat produce heading in both the spring and the autumn season in South Korea.
In general, the heading stage of an oat variety is delayed as it progresses in maturity, showing conclusively that heading stage affected yield and quality of forage oat, because the heading stage is strongly related to quality of oat (Kim and Kim, 1994; Kim et al., 1999; Lee and Kim, 1999; Ko et al., 2002) , our results further confirmed that the heading stage of an oat variety is related to forage quality.
Early maturity is an important factor in the adaptation of varieties of oat in a double-cropping system in Korea, because early maturation would help the variety to escape damage from weather, leaf rust, or insects (Poehlman, 1987; Kim et al, 1996; 1997) . Differences in dry matter (DM) content were significant among location, growing season, and variety (p<0.001; Tables 3 and 4) . Early-maturing oat ('Swan') was highest in DM content, and DM content was decreased as heading stage was delayed. Kim et al. (1996; 1997; , and Lee and showed that heading stage of oat is related to DM content at harvest. The DM content of oat at harvest and heading stage were important factors to differentiate an early-maturing variety from a late-maturing variety. The four varieties were resistant to both foliar disease and insect. Lodging resistance was higher during autumn except in 2002 at the central region (Cheonan). Latematuring varieties have lower lodging resistance compared to early-maturing varieties (Tables 3 and 4) .
Disease and insect resistance was given major attention in oat breeding during the past 40 years. However, because of farm mechanization in Korea, increased emphasis is given to lodging resistance recently as well as to early maturity of oat. Oat must stand in the field until harvested without lodging, to ensure that high yield is obtained.
Significant main effects (location, season, and variety) and their interactions were observed for most measured parameters (Tables 5 and 6 ). There were significant effects for location×season for all of the traits. Season×variety interactions was more often significant than location× variety interaction.
In DM, TDN and CP yield (Table 7) , forage yield of the oat variety in the southern region was higher than in the central region, and forage yield of the oat variety during the spring season was higher than during the autumn season (p<0.05). This result was due primarily to air temperature rather than precipitation and other factors. Temperature in the southern region was higher than in the central region ( Table 2) . The DM, TDN and CP yield have significant differences among oat varieties. The DM and TDN yield of the earlymaturing variety ('Swan') was higher than late-maturing varieties ('Targa', 'Foothill' and 'Nugene') during the autumn season. However, the trend of oat variety was not seen on the DM and TDN yield of oat during spring season, and varieties which were higher in DM yield were also higher in TDN and CP yield.
The crude protein (CP) content of the oat varieties in the central region was lower than that of the southern region, and CP content of the oat variety at spring season was lower than during the autumn season (p<0.05). Among the oat varieties, CP content of late-maturing varieties was higher than the early-maturing variety (Table 8) .
Oat does have limitations as a feed. It is low in crude DM = Dry matter, TDN = Total digestible nutrients, CP = Crude protein, ADF = Acid detergent fiber, NDF = Neutral detergent fiber, RFV = Relative feed value. *, **, *** Significant at the 0.05, 0.01, 0.001 probability levels, respectively. NS = Not significant at the 0.05 level.
protein and requires additional protein supplementation when fed to animals. Research indicates that most varieties of equal maturity do not differ significantly in protein content. If producers believe they are using varieties that are higher in protein, these varieties should be evaluated carefully to ensure energy concentration or total dry matter yield is not sacrificed.
The content of acid detergent fiber (ADF) and neutral detergent fiber (NDF) significantly differed with location, growing season, and variety (Tables 5 and 6 ). The contents of ADF and NDF of oat variety during the spring season were significantly higher compared to during the autumn season (p<0.05). Among the oat varieties, early-maturing oat variety was higher in ADF and NDF than late-maturing varieties during the spring season, however, the trend was not seen during the autumn season. This was reflected in the calculated values for TDN and relative feed value (RFV) ( Table 9 ). We concluded that any prospective differences in chemical composition of the oat varieties and the relationships to forage quality of the varieties, probably would be best determined from ADF and NDF contents. This conclusion is consistent with the findings of Kim and Kim (1994) and Kim et al. (1999) , who studied yields and chemical composition of oat varieties.
Treatment differences in TDN and RFV values (Table 6 ) were observed from different locations, growing season and variety (p<0.05). Late-maturing oats, specifically 'Targa' and 'Nugene', were higher in TDN and RFV values than the other oat varieties. Since TDN and RFV values were calculated from ADF and NDF, the observed differences were reflective of previously described ADF and NDF differences. Thus, a more comprehensive assessment on forage quality should be done for the different oat varieties in the different regions and at different seasons.
Effects on interaction between location and season was seen on forage production (DM, DM yield, TDN yield, and CP yield) (p<0.001) and forage quality (CP, ADF, NDF, TDN and RFV) (p<0.001, Tables 5 and 6). Forage production and forage quality was higher in the southern region than in the central region. In the southern region, forage production was higher during the spring season, while forage quality was better during the autumn season.
Effects on interaction between location and variety showed that in the southern region, late-maturing varieties have higher forage quality (ADF, NDF, TDN and RFV) (p<0.05, Tables 5 and 6 ). Effects on interaction between season and variety showed that late-maturing varieties have higher forage quality during both season (p<0.01, Tables 5  and 6 ). Interaction effects of the three factors (location, season and variety) showed that forage quality is better when late-maturing varieties are planted in the southern region during the autumn season (p<0.05, Tables 5 and 6 ).
In this study, various differences among the four oat varieties were seen depending on location and growing season. The differences found were primarily in fiber composition (ADF and NDF) and CP content, which could possibly result in the differences in the digestible nutrient that would be available to the ruminants. While conventional thought says that a superior forage oat would have superior forage production, but data from this study suggest that the oat varieties with equal forage production do indeed have differences in forage quality. Based on our study, the selection of variety may be even more important than high production so that the effects of low fiber composition and crude protein could improve animal productivity. Utilization of forage oats in the field should consider both forage quality and forage production.
In general, South Korea practices a double-cropping system and an early-maturing variety is used. However, the study showed that late-maturing varieties performed better in the southern region in both forage quality and production. 
